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Abstract

Introduction and Hypothesis—To compare hypotheses regarding why obesity is associated
with stress urinary incontinence (SUI): 1) obesity increases demands on the continence system
(e.g. higher cough pressure) vs 2) obesity compromises urethral function and urethrovaginal
support.

Methods—A secondary analysis was performed using data from a case-control study of SUI in
women. Measurements of urethrovaginal support (POP-Q point Aa, urethral axis), urethral
function (maximal urethral closure pressure (MUCP)), and measures of continence system
demands (intravesical pressures at rest and during maximal cough) were analyzed. Cases and
controls were divided into three body mass index (BMI) groups: normal (18.5-24.9 kg/m?);
overweight (25.0-29.9 kg/m?): and obese (<30 kg/m?2). Logistic regression models where created
to investigate variables related to SUI for each BMI group. Structural Equation Modeling was used
to test the direct and indirect relationships between BMI, SUI, maximal cough pressure, MUCP,
and POP-Q point Aa.
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Results—108 continent controls and 103 stress-incontinent women were included. MUCP was
the factor most strongly associated with SUI for all BMI groups. Maximal cough pressure was
significantly associated with SUI for obese women (OR 3.191 (1.326, 7.683), p<.01), but not for
normal or overweight women. Path model analyses showed a significant relationship between BMI
and SUI through maximal cough pressure (indirect effect, p=.038), but not through MUCP
(indirect effect, p=.243) or POP-Q point Aa (indirect effect, p=.410).

Conclusions—Our results support the first hypothesis: obesity is associated with SUI because of
increased intravesical pressure, which therefore increases demand on the continence mechanism.
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Introduction

Stress urinary incontinence (SUI) and obesity are both common conditions that impact
quality of life. Between 2011 and 2012, approximately 66% of adult women > 20 years of
age in the United States were overweight or obese (Body Mass Index (BMI) = 25.0 kg/m?)
[1]. Nearly one in five women is estimated to have urinary incontinence [2], with SUI being
the most common type [3]. It is well-established that obesity is associated with an increase
in the prevalence and severity of SUI [4,5]. For each 5-unit increase in BMI, there is a 10%
increased odds of SUI [6], so that among women with a BMI = 40 kg/m?, the prevalence of
SUI is nearly 70% [7]. We know that weight loss is associated with improvement in SUI
symptoms. There is Level 1 evidence showing that overweight and obese women who lose
5-10% of their weight experience an approximately 70% reduction in SUI episodes [8].
However, while the relationship between obesity and SUI is well-described, the exact
mechanism of action is not known.

Stress incontinence may result from any of the following three factors: 1) compromised
urethral function; 2) damage to urethrovaginal support; and 3) increased abdominal pressure
that places greater demands on the continence system. In the Research on Stress
incontinence Etiology (ROSE) study, we compared continent controls to stress incontinent
women and determined that urethral function, as measured by maximal urethral closure
pressure (MUCP), was the factor most strongly associated with SUI and that urethral support
played a less important role [9]. BMI was also found to be an independent predictor of SUI.
However, the complex relationship between obesity and the various components of the
continence mechanism has not been fully delineated.

Using data from the ROSE study, we performed a secondary analysis to measure the impact
of BMI on the continence mechanism. Specifically, we sought to test two competing
hypotheses concerning the mechanism by which obesity may cause SUI: 1) obesity
increases demands on an otherwise normal continence system (e.g. higher cough pressure);
and 2) obesity compromises urethral function and urethrovaginal support.
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Materials and Methods

The current study is a secondary analysis of an IRB-approved case-control study of women
with stress urinary incontinence (HUMO00043944). Detailed methodology has been
previously described by DelLancey et al. 2008 and is briefly reviewed here [9]. Women with
daily demonstrable stress incontinence were recruited along with a group of asymptomatic
controls from the community who were chosen to be of similar age, race, parity, and
hysterectomy status. All participants underwent a clinical examination and completed a
three-day voiding diary and structured symptom questionnaire. Demographic data, as well as
medical and surgical history were also obtained. Stress-incontinent women met all of the
following criteria: 1) answered “yes” to the question “Do you currently experience urine
leakage with cough, sneeze, laugh, lift, or exercise on a daily basis?”; 2) demonstrated a
minimum of one SUI episode on at least two out of the three days of the voiding diary; and
3) had a positive stress test with 300 mL in the bladder. Controls (continent women) met the
following criteria: 1) fewer than six episodes of incontinence in the last 12 months; 2) no
urinary leakage on a three-day voiding diary; and 3) a negative stress test with 300 mL in the
bladder. Women who reported symptoms of urgency incontinence were included as cases
only if the stress component was their predominant incontinence symptom and they met the
other study criteria.

Clinic examination consisted of a standardized POP-Q examination and urodynamic testing.
Assessment of levator ani muscle function using an instrumented speculum that measures
force in Newtons generated at rest and during maximal voluntary contraction was also
performed and has been previously presented [9]. Urodynamic testing was performed with
300 mL of normal saline in the bladder. Parameters collected included: intravesical pressures
at rest and during maximal cough, cough leak point pressures (LPPs), MUCP profile, and
uroflow testing. The average of three serial MUCP measurements was used for analysis.
Measurements were categorized into the following mechanistic domains: urethral function
(MUCP), urethral support (POP-Q point Aa; urethral axis with the cotton-tipped swab at
rest, during strain, and during Kegel augmentation), and intravesical pressure (intravesical
pressure at rest and during maximal cough).

To analyze the relationship between BMI and SUI, cases and controls were divided into
three BMI groups based on the World Health Organization definitions: normal (18.5-24.9
kg/m?2); overweight (25.0-29.9 kg/m?2); and obese (= 30 kg/m?). Descriptive statistics
including means, standard deviations, and proportions were obtained for the overall sample
and for the BMI and incontinence status groups. Simple linear regression models were used
to assess group differences between continuous measures and simple binary logistic
regression models were used to assess group differences between binary measures. The
outcome of incontinence status was further modeled by multivariable binary logistic
regressions stratified by BMI group. Standardized variables were used in these models and
were created by converting the original measure to a z-score.

Path models from the Structural Equation Modeling (SEM) framework were then used to
test the relationships between BMI and incontinence while accounting for the effects of
other plausibly significant variables including maximal cough pressure, MUCP, and POP-Q
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point Aa. Path analysis is a statistical technique used to analyze a set of simultaneous
regression models. Path models investigate whether the effect of one variable on the
outcome of interest (e.g. the effect of BMI on SUI) is mediated by one or more variables
(e.g. increased BMI causes SUI because it increases maximal cough pressure, weakens
urethral function, and/or compromises urethrovaginal support). The latter are termed
“mediating variables.” Correlations between a predictor and an outcome can be analyzed in
a way that distinguishes between direct effects and indirect effects within the path analysis
framework. Direct effects investigate the influence of one variable directly on another. An
indirect effect investigates how changes in a predictor variable produce changes in a
mediating variable that, in turn, produces changes in the outcome of interest. Unstandardized
beta coefficients are presented and all continuous variables were converted to z-scores for
the presented path models, which yield coefficient interpretations that mirror those from a
regression analysis with standardized variables. BMI was measured continuously rather than
categorically in the presented path models to provide more statistical power and a clearer
presentation of hypotheses.

Path models with binary outcomes were fit as probit regressions using the weighted least
squared (WLSMV) estimator in MPLUS (Version 6.1 [Computer Software]. Los Angeles,
CA: Muthen & Muthen.) All other statistical analyses were conducted using Stata
(StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP.)
and p-values less than .05 were considered statistically significant. When comparing those
who are obese and have stress incontinence (n=45) to those who are of normal weight with
stress incontinence (n=26), we have 80% statistical power to detect effects that are
considered practically important and moderately large when assuming an alpha of .05, a
two-tailed independent sample’s t-test between the two groups, and an effect size of .7
(nQuery Advisor + nTerim 4. Boston, MA: Statistical Solutions).

A total of 211 women were included in the analyses, with 108 continent controls and 103
stress-incontinent women (Table 1). When comparing continent to stress-incontinent
women, no differences were seen in terms of age, race, vaginal parity, or comorbidities
including hypertension, diabetes, chronic lung disease, or heart disease. There were also no
differences in these variables across BMI groups. Stress-incontinent women were found to
have a slightly higher prevalence of arthritis or rheumatism compared to continent controls.

Table 2 shows the results for clinic examination and urodynamic variables between controls
and SUI women and also across BMI groups. As previously published, compared to
continent controls, stress-incontinent women had lower MUCP, less urethrovaginal support
as measured by POP-Q point Aa and the cotton-tipped swab test at rest and during Kegel,
and higher intravesical pressure with maximal cough. Resting bladder pressures were similar
between groups.

Next, continent controls were compared across BMI groups and were found to have similar
urethral function (MUCP) and POP-Q point Aa; however, urethral axis at rest and during
Kegel increased with BMI. Finally, increasing BMI was associated with greater demands on
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the continence system as measured by intravesical pressure at rest and with maximal cough.
Among the stress-incontinent women, the same significant differences were observed, with
one exception being that urethral axis during Kegel was not significantly different across
BMI groups.

Figure 1 shows the results for cough LPPs by BMI group for stress incontinent women. As
BMI group increases, so does the average cough LPP. Pairwise comparisons revealed
significantly greater cough LPPs for the obese group compared to the normal weight group
(167.5 vs. 129.6 cmH,0, p=.001) and also compared to the overweight group (167.5 vs.
138.5 cmH,0, p=.008). Similar results were found with Valsalva leak point pressures (data
not shown).

Logistic regression models were run to identify factors independently associated with stress
incontinence in each of the three BMI groups (Table 3). Increasing MUCP was associated
with decreasing odds of stress incontinence and for all groups, MUCP was the factor most
highly associated with stress incontinence. Within the normal BMI group, increasing age
was associated with decreased odds of stress incontinence, and as the value of point Aa
increased (indicating less urethrovaginal support) so did the odds of stress incontinence.
Maximal cough pressure was not predictive of stress incontinence in this group. In the
overweight group, increasing age also decreased the odds of stress incontinence. Both the
location of point Aa and intravesical pressure during maximal cough approached, but did not
reach, significance. Finally, among obese women, maximal cough pressure and decreasing
urethrovaginal support (point Aa) were predictive of stress incontinence, but age was not
significantly associated. To summarize, the factors predictive of stress incontinence differed
depending on patient BMI. Maximal cough pressure was significantly associated with stress
incontinence in obese women, but not for those who were normal weight or overweight.
Furthermore, the association between MUCP and stress incontinence was strongest for
women in the normal BMI group.

Next, path models from the SEM framework were created to test our null hypotheses
concerning the mechanisms by which higher BMI may increase the occurrence of stress
incontinence (Figure 2 and 3). Figure 2 shows the analysis of Hypothesis 1, which states that
increases in BMI are associated with SUI due to the increased demands on the continence
system. In the context of the path model where all relationships are tested simultaneously,
the direct relationship between BMI and maximal cough pressure (a) and the relationship
between maximal cough pressure and stress incontinence (b) are both positive and
statistically significant. The direct relationship between BMI and SUI is positive and
approaches statistical significance (p=.053). The indirect effect of BMI on SUI through
maximal cough (a & b) is positive and statistically significant (p=.038). This indicates that
as BMI increases, maximal cough pressure also increases, which, in turn, increases the
occurrence of stress incontinence. This model provides support for the hypothesis that
increases in BMI influence stress incontinence by increasing demand on the continence
system. Note that this model has zero degrees of freedom, which renders fit indices
uninformative.
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Figure 3 shows results for Hypothesis 2 and depicts the relationships between the continence
mechanism factors of urethrovaginal support (point Aa) and urethral function (MUCP) as
they relate to the occurrence of SUI. While MUCP (e), point Aa (h), and BMI are each
significantly and positively associated with SUI, associations were not found between BMI
and either MUCP (d) or point Aa (g) in the context of the path model. Further, the indirect
effects of BMI on SUI through either MUCP or point Aa are not statistically significant (p=.
243 and p=.410, respectively), indicating that the data do not fully support the hypothesized
model even though acceptable model fit statistics were obtained. Similar results were found
in the incontinent group when evaluating the degree to which leak point pressure is predicted
by the continence mechanisms of MUCP (Unstandardized Beta=0.870 (SE=0.146), p <.
001), point Aa (Unstandardized Beta=-0.227 (SE=0.091), p=.013), and BMI
(Unstandardized Beta=0.294 (SE=0.077), p < .001), but associations were not found
between BMI and either MUCP (Unstandardized Beta=0.001 (SE=.057), p=.98) or point Aa
(Unstandardized Beta=—0.005 (SE=0.092), p=.96). Further, the indirect effects of BMI on
leak point pressure through either MUCP or point Aa are not statistically significant
(Unstandardized Beta=0.001 (SE=0.054), p=.984; Unstandardized Beta=0.001 (0.023), p=.
956, respectively). The fit indices further indicate that data did not support the hypothesized
model (Chi(1)=1.721, p<.001; RMSEA=.092 (90% CI: <.001, .319); CF1=.98).

Discussion

In this secondary analysis of a case-control study, we quantified the effect of BMI on the
three components of the continence mechanism. We identified that the primary association
between obesity and SUI is higher cough pressures which place increased demands on the
continence system rather than changes in urethral function or urethrovaginal support.

Our findings show that obese women have higher resting intravesical pressures and also
generate more pressure during maximal cough compared to women with BMI in the normal
or overweight range. Data from our study support the theory that this increased load on the
continence mechanism overrides the urethral closure pressure and causes leakage. Therefore,
even in the presence of a normally supported and normally functioning urethra, the sheer
amount of intraabdominal pressure generated in obese women is what leads to SUI. These
results confirm those of Richter et al., who analyzed urodynamic parameters for normal,
overweight, and obese women undergoing surgery for SUI [10]. They reported similar
results showing that obese women have higher Valsalva LPPs, as well as higher intravesical
and intraabdominal pressures at rest. Our study extends the literature by showing that
reduced urethral pressure—the dominant cause of SUl—may not be primarily responsible
for the increased incontinence observed in obese women. Among women with stress
incontinence, those who were obese had similar MUCP measurements compared to those
who were normal or overweight, which further supports the fact that obesity may not impair
urethral function.

According to our data, excess weight can be seen as a reversible “load” on the continence
mechanism. This helps explain why weight loss, either medical or surgical, improves SUI
symptoms in overweight and obese women [7,8,11-13]. In a study of overweight and obese
incontinent women undergoing a three-month medical weight loss intervention, Subak et al.
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reported significant correlations between weight loss and intravesical pressure at maximal
capacity [14]. Bump et al. also found significant improvements in intravesical pressure and
magnitude of intravesical pressure increases with coughing in women who underwent
surgical weight loss [15]. In both of these previously mentioned studies, weight loss was
also associated with a significant reduction in urinary incontinence symptoms.

The synthetic mid-urethral sling is considered the gold standard for surgical management of
SUI. While some studies have shown a statistically lower success rate following surgical
management of stress incontinence [16], overall the safety and success of synthetic mid-
urethral slings for obese women is well-established [17-19]. In a meta-analysis on surgical
treatment of pelvic floor disorders and obesity, Greer et al reported a statistically significant
4% lower cure rate for obese versus non-obese women following tension-free vaginal tape.
However, overall cure rate among obese women was still high at 81% [17]. A more recent
systematic review also reported a 4% lower objective cure rate among obese versus non-
obese women following synthetic mid-urethral sling procedures; however, this difference
was not statistically significant (79.2% vs 83.3%, p = .56) [18]. In both studies, bladder
perforation rates were lower in obese women. Therefore, while weight loss may be a
reasonable first approach to medical management of SUI symptoms in obese women,
current evidence shows the synthetic mid-urethral sling is also a safe and effective treatment
for this population.

Strengths of this study include having a control group of asymptomatic women who are of
similar age, race, and parity, as well as the use of a standardized and comprehensive clinical
evaluation that assesses each aspect of the continence mechanism in several ways. Only
women with predominant SUI symptoms (and no other urogynecologic complaints) were
included, which limits confounding factors. Our study is also strengthened by our statistical
methodology and use of path models from the SEM framework, which allowed us to analyze
complex relationships between multiple variables simultaneously and test for both direct and
indirect effects. Because this is a secondary analysis, our data were limited to that originally
collected for the primary study. Therefore, the results of our regression analyses are less
stable than they would otherwise be with a larger sample size and we were unable to control
for confounding factors, such as socioeconomic status and depression, that could impact the
prevalence of SUI [20,21]. Some urodynamic parameters, such as leak point pressure, may
demonstrate greater variation based on user technique, and therefore may be subject to a
larger margin of error. However, the urodynamics in this study were all performed by
experienced nurses, which limits the influence of technical variability. Furthermore, obesity
is a complex disease that affects multiple organ systems. It is not possible for any single
study to address all potentially associated factors (e.g. metabolic, neurologic, psychologic,
etc.). However, this study provides important new information regarding the association
between obesity and pelvic floor factors specific to urinary continence.

In conclusion, our results support the hypothesis that obese women have a higher prevalence
of SUI because they generate higher intravesical pressures, thus placing more demand on the
continence mechanism. Because it does not appear that obesity damages the continence
mechanism directly, it seems clinically rational for weight loss to be recommended as an
initial treatment of SUI for obese women.
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p=.053

Unstandardized Beta=0.196

E=0.101
C Incontinence
Figure 2.

Structural Equation Modeling showing the relationships between BMI, Maximal Cough

Pressure, and Stress Urinary Incontinence

*Standardized values used for analyses

Direct, Indirect and Total Effects:

Direct effect of BMI on Stress Incontinence (¢)=0.196 (SE=0.101), p=.053

Indirect effect of BMI on Stress Incontinence through Maximal Cough Pressure (a &
b)=0.091 (SE=0.044), p=.038 Total effect of BMI on Stress Incontinence (a & b & ¢)=0.286

(SE=0.091), p=.002
Fit Indices:
Chi(0)=<.001, p<.001; RMSEA <.001 (90% CI: <.001, <.001); CFI 1.000

Note: This model has zero degrees of freedom, which renders fit indices uninformative.
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Maximal Urethral
Closure Pressure*

p=.243 S p<.001
Unstandardized Beta=0.077 7 Unstandardized Beta=0.727
SE=0.066 4 SE=0.042
o d e
'
p =.001

Unstandardized Beta=0.209

SE=0.064
BM[* — Stress

Incontinence

f

~
%8 h
p=410 . p<.001
Unstandardized Beta=0.064 p- Unstandardized Beta=0.335
SE=0.076 SE=0.081

POP-Q Point Aa*

Figure 3.
Structural Equation Modeling Showing the Relationships Between BMI and Measures of

Urethral Function, Urethrovaginal Support, and Stress Urinary Incontinence. *Standardized

values used for analyses

Direct, Indirect and Total Effects:

Direct effect of BMI on Stress Incontinence (f)=0.209 (SE=0.064), p=.001

Indirect effect of BMI on Stress Incontinence through Maximal Urethral Closure Pressure (d
& €)=0.056 (SE=0.048), p=.243 Indirect effect of BMI on Stress Incontinence through POP-
Q Point Aa (f & h)=0.021 (SE=0.026), p=.410

Total effect of BMI on Stress Incontinence (d & e & g & h & f)=0.286 (SE=0.091), p=.002

Fit Indices:

Chi(1)=0.012, p=0.913; RMSEA <.001 (90% CI: <.001, .073); CFI 1.000
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Table 3

Standardized Odds Ratios (95% Confidence Intervals)

Normal (N=72)

Overweight (N=64)

Obese (N=75)

Constant

0.166 (0.041, 0.662)0

0.993 (0.504, 1.956)

0.679 (0.260, 1.773)

Age

0.197 (0.062, 0.627)¢

0.381 (0.169, 0.859)2

0.556 (0.202, 1.527)

Maximal Urethral Closure Pressure

0.006 (0.0004, 0.104)¢

0.102 (0.033, 0.320)¢

0.046 (0.011, 0.202)4

POP-Q Point Aa

3.378 (1.188, 9.607)?

1.871(0.921, 2.802)¢

2.826 (1.218, 6.560)?

Maximal Cough Pressure

1.09 (0.393, 3.023)

2.199 (0.944, 5.123)¢

3.191 (1.326, 7.683)¢

Pseudo R2

71d

3r7d

5074

aBMI categories as follows: Normal (18.5-24.9 kg/m2), Overweight (25.0- 29.9 kg/m2), and Obese (>30 kg/m2)

bp<.05
cp<.01

To<.001

ep<.10 (approaches statistical signficance)
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